Abstract-Muscle sympathetic nerve activity (MSNA) influences the mechanical properties (ie, vascular smooth muscle tone and stiffness) of peripheral arteries, but it remains controversial whether MSNA contributes to stiffness of central arteries, such as the aorta and carotids. We examined whether elevated MSNA (age-related) would be independently associated with greater stiffness of central (carotid-femoral pulse wave velocity [PWV]) and peripheral (carotid-brachial PWV) arteries, in addition to lower carotid compliance coefficient, in healthy men and women (n=88, age: 19-73 years, 52% men). We also examined whether acute elevations in MSNA without increases in mean arterial pressure using graded levels of lower body negative pressure would augment central and peripheral artery stiffness in young (n=15, 60% men) and middle-age/older (MA/O, n=14, 43% men) adults. Resting MSNA burst frequency (bursts•min −1 ) was significantly correlated with carotid-femoral PWV (R=0.44, P<0.001), carotidbrachial PWV (R=0.32, P=0.004), and carotid compliance coefficient (R=0.28, P=0.01) after controlling for sex, mean arterial pressure, heart rate, and waist-to-hip ratio (central obesity), but these correlations were abolished after further controlling for age (all P>0.05). In young and MA/O adults, MSNA was elevated during lower body negative pressure (P<0.001) and produced significant increases in carotid-femoral PWV (young: ∆+1.3±0. Collectively, these data demonstrate the influence of MSNA on central artery stiffness and its potential contribution to age-related increases in stiffness of both peripheral and central arteries.
S
tiffening of the large central arteries (ie, aorta and carotid arteries) increases with advancing age and is associated with an elevated risk of developing cardiovascular disease (CVD). [1] [2] [3] [4] [5] Several common structural features of arterial stiffness include loss of elastin proteins and increased collagen deposition and cross-linking in the extracellular matrix of the vascular wall. 6 The contribution of mechanical properties such as vascular smooth muscle tone has recently garnered more attention. 7 However, the underlying mechanisms that promote increased arterial stiffness with older age are still incompletely understood.
Muscle sympathetic nerve activity (MSNA) increases markedly with advancing age. [8] [9] [10] [11] [12] Elevated MSNA with aging in both men and women impairs vascular endothelium-dependent vasodilation of large peripheral arteries such as the brachial artery. 13, 14 In response to acute and sustained elevations in MSNA, studies have consistently found corresponding increases in functional measures of stiffness in peripheral arteries (eg, brachial, radial, and femoral compliance) attributable to adrenergic-mediated increases in smooth muscle tone. [15] [16] [17] [18] [19] [20] However, the influence of agerelated increases in MSNA on the mechanical properties of the large central arteries, which also possess smooth muscle tone, 21 is unclear. In a small group of men (n=25), carotidfemoral pulse wave velocity (PWV) was significantly correlated with MSNA independent of age. 22 Yet, in a comparison between young and middle-age/older (MA/O) adults, the age-related reduction in carotid compliance (inverse of stiffness) was abolished when statistically correcting for resting MSNA, 23 suggesting that the relation between MSNA and large elastic artery stiffness is age-dependent. Given these inconclusive findings from studies with limited sample sizes of only men and different measures of arterial stiffness (ie, carotid-femoral PWV versus carotid compliance), larger comprehensive studies using microneurography in young and MA/O men and women varying in age are needed to directly assess the relation between age-related increases in MSNA and central and peripheral artery stiffness as well as carotid compliance.
Results from studies examining central artery stiffness in response to acute changes in MSNA in MA/O adults have also been inconclusive. [24] [25] [26] For example, Sugawara et al 27 reported no significant effect of systemic α-adrenergic receptor blockade on carotid β-stiffness index in a small sample of mostly MA/O women (n=7). In contrast, an increase in carotid artery compliance (decrease in artery wall stiffness) was observed in the same group of subjects following systemic α-adrenergic receptor blockade. 28 Notably, mean arterial pressure (MAP) was concomitantly reduced ≈15 mm Hg during α-adrenergic receptor blockade and likely contributed to inconsistent results. Alterations in MAP (ie, distending pressure), which typically occurs with acute changes in vasoconstrictor tone, markedly confounds the interpretation of changes in arterial stiffness because the mechanical properties of the artery are dependent on the distending pressure. 29 Similarly, a reduction in sympathetic outflow via ganglionic blockade significantly reduced carotid-femoral PWV with a concomitant reduction in MAP of ≈28 mm Hg in MA/O women. 26 The limitation of changes in MAP when modulating MSNA has been overcome in some studies by examining carotid-femoral PWV in response to application of mild lower body negative pressure (LBNP), which elicits reflex increases in MSNA and vasoconstriction without increases in MAP. [30] [31] [32] However, these studies have been performed primarily in young adults, and therefore, it remains unclear whether carotid-femoral PWV is modulated by acute changes in MSNA independent of MAP in MA/O adults.
With this background in mind, we sought to examine the extent to which MSNA influences the mechanical properties of the large central arteries and contributes to increased stiffness in young and MA/O adults. We tested 2 distinct hypotheses. First, we hypothesized that higher MSNA would be associated with greater carotid-femoral PWV and lower carotid compliance independent of age in a cross-sectional analysis of adults varying in age (19-73 years) without history of CVD. Second, to directly examine the contribution of increased MSNA to the mechanical properties of the central arteries in MA/O adults, we tested the hypothesis that acute elevations in MSNA in the absence of increased MAP using graded levels of mild LBNP would result in increases in carotid-femoral PWV and reductions in carotid compliance similarly in young and MA/O adults.
Methods
All experimental procedures and protocols conformed to the Declaration of Helsinki and were approved by the Institutional Review Board at the University of Iowa (IRB ID No. 201701762). Each subject received a verbal and written explanation of the study objectives, measurement techniques, and risks and benefits associated with the investigation before providing written informed (20) Family HTN, n (%) 48 (55) Smoking, n (%) 17 (19) Cardiovascular medications
Values are means±SE. ACE indicates angiotensin-converting enzyme; BMI, body mass index; BP, blood pressure; CC, compliance coefficient; HDL, highdensity lipoprotein; HTN, hypertension; LDL, low-density lipoprotein; MSNA, muscle sympathetic nerve activity; and PWV, pulse wave velocity. consent on the initial visit. The data that support the findings of this study can be made available by the corresponding author on reasonable request.
Subjects
A total of 88 participants (age range: 19-73 years) who were nonsmokers and free of CVD, metabolic, or neurological disease were recruited through the University of Iowa. Study 2 included 15 young (age: 19-45 years) and 14 MA/O participants (age: ≥45 years; Table 2 ). No pregnant women were studied as confirmed by a urine pregnancy test the morning of the initial visit and the morning of the study visit. The phase of the menstrual cycle was not controlled for because previous data demonstrate no temporal changes in carotidfemoral PWV across the phases of the menstrual cycle in healthy women.
33,34

Experimental Measurements
Cardiovascular Variables
Heart rate (HR) was determined from lead II of a 3-lead ECG, and auscultatory blood pressure at the brachial artery was recorded in triplicate using the Noninvasive Hemodynamics (NIHem) workstation (Cardiovascular Engineering, Inc, Norwood, MA).
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Central and Peripheral Artery Stiffness
Aortic stiffness was quantified by carotid-femoral PWV using the NIHem workstation, and with a Millar tonometer (SPT-301; Millar, Inc, Houston, TX) during the LBNP protocol (ie, baseline, −15 mm Hg, −30 mm Hg). Because the brachial artery is a large-size conduit vessel known to be influenced by MSNA, 13, 15 carotid-brachial PWV was assessed as an index of peripheral muscular artery stiffness.
1,2
Carotid Compliance
Common carotid artery compliance coefficient (CC) was assessed using high-resolution B-mode ultrasound imaging with a 12-MHz linear transducer (Logiq 7; GE Healthcare) and analyzed using Vascular Analysis Tools Analyzer 5.5 (Medical Imaging Applications, Coralville, IA). See online-only Data Supplement for additional details.
Sympathetic Nerve Activity
Multiunit postganglionic MSNA was recorded from the peroneal nerve using standard microneurographic techniques as described in previous studies [35] [36] [37] [38] and in the online-only Data Supplement. Plasma norepinephrine concentration was assessed using high-performance liquid chromatography.
Experimental Protocol
On the first visit to the laboratory, subjects received verbal explanation of the study and provided written informed consent. Subjects completed a health history survey and were instrumented with a 24-hour blood pressure monitor. On the experimental day (within 2 weeks of the initial visit), participants were instructed to refrain from medication use and fast overnight before arriving at the laboratory between 0700 and 0900 hours. Subjects were also instructed to abstain from caffeinated beverages the morning of the study and strenuous physical activity and alcohol for at least 24 hours before experimental sessions. All experiments were performed in a dimlylit room at an ambient temperature of 22°C to 24°C.
Study 1: Resting MSNA and Arterial Stiffness
On arrival, a venous catheter was inserted into the subject's antecubital or hand vein for blood sampling of norepinephrine and a metabolic panel after 20 minutes of resting supine. Among the 88 subjects, a venous catheter was unable to be placed to collect circulating norepinephrine in 14 subjects, and a butterfly needle was instead used to collect blood for a metabolic panel. Resting assessments of PWV and carotid CC were completed, followed by instrumentation for MSNA. Once the MSNA signal was acquired, data were collected for at least a 10-minute baseline period.
Study 2: Acute Elevations in MSNA and Arterial Stiffness
Subjects (n=29) underwent LBNP to achieve progressive elevations in MSNA without increases in MAP. 39, 40 The subject's lower body was enclosed to the level of the iliac crest in a negative pressure chamber adapted for acquisition of MSNA and with a custom-built glove port at the level of the pelvic region that allowed acquisition of the femoral artery pulse waveform with tonometry (Millar). Pressure inside the chamber was measured continuously. Acquisition of the MSNA signal was followed by a 10-minute baseline period and measurements of PWV and CC. One MA/O subject elected to not undergo MSNA recording, and a quality MSNA signal was unable to be attained in the LBNP chamber in 2 young and 3 MA/O subjects. Negative pressure in the chamber was then applied gradually (≈5 mm Hg per 15 seconds) to minimize potential movement of the MSNA electrode. After 5 minutes of steady-state LBNP, assessments of PWV and carotid CC were performed, and a venous blood sample was taken for norepinephrine concentrations. LBNP at −15 and −30 mm Hg were separated by 15 minutes of rest and were not randomized because potential for movement of the MSNA electrode increases with progressive decreases in chamber pressure. In this regard, the MSNA electrode moved and no signal was obtained during 
Values are means±SE. ACE indicates angiotensin-converting enzyme; BMI, body mass index; BP, blood pressure; CC, compliance coefficient; HDL, high-density lipoprotein; HTN, hypertension; LDL, low-density lipoprotein; MA/O, middle-age/older adults; PWV, pulse wave velocity; and YG, young adults.
LBNP −15 mm Hg in 2 young subjects and during LBNP −30 mm Hg in 1 young and 1 MA/O subject.
Statistical Analysis
Partial correlation was used to test the strength of association between MSNA and arterial stiffness while controlling for relevant confounding factors (age, MAP, HR, and waist-to-hip ratio [central obesity]) that have been shown to influence carotid-femoral PWV in previous studies. 41, 42 Sex, which was categorized as a nominal binary variable (W=0, M=1), was also controlled for given known age-and sex-related differences in MSNA. 9 Multiple linear regression was used to examine whether MSNA was an independent determinant of arterial stiffness beyond MAP, HR, sex, and waistto-hip ratio (Model 1) and age, MAP, HR, sex, and waist-to-hip ratio (Model 2). ANCOVA was used to determine differences between young and MA/O in arterial stiffness after controlling for MSNA in Study 2. χ 2 test was used to examine group differences in categorical variables. Bivariate correlations were examined using the Pearson correlation coefficient. Two-way repeated measures ANOVA was performed to test the difference between means of arterial stiffness, MSNA, and cardiovascular variables across levels of LBNP in young versus MA/O. For 2-way repeated measures ANOVA, the estimate of an absent data value was calculated as the marginal sums of squares (type III, adjusted sums of squares) using a general linear model approach. The Holm-Sidak method was used for all pairwise multiple comparison testing. Statistical significance was set at P<0.05.
Results
Study 1: Resting MSNA and Arterial Stiffness (Larger Cohort, n=88)
Subject characteristics, including MSNA, arterial stiffness, and cardiovascular variables are shown in Table 1 . Resting MSNA burst frequency (bursts·min −1 ) was significantly correlated with central artery stiffness (carotid-femoral PWV: R=0.60, P<0.001; Figure 1A ) and peripheral artery stiffness (carotid-brachial PWV: R=0.48, P<0.001; Figure 1B ). Similar results were observed when considering MSNA burst incidence (bursts·100 hb −1 ). In comparison, circulating norepinephrine concentration (295±24 pg·mL −1 , n=74) was only moderately correlated with carotid-femoral PWV (R=0.24, P=0.041) and not related to carotid-brachial PWV (R=0.12, P=0.292). After controlling for confounding factors (sex, MAP, HR, and waist-to-hip ratio), MSNA burst frequency remained significantly correlated with carotidfemoral PWV (R=0.44, P<0.001) and carotid-brachial PWV (R=0.32, P=0.004; Figure 1A and 1B). However, when further adjusting for age, no relation was observed between MSNA burst frequency and carotid-femoral PWV (R=0. 12 Figure S1 in the online-only Data Supplement). Circulating norepinephrine concentration was not significantly correlated with carotid CC (R=−0.20, P=0.082). After controlling for confounding factors (sex, MAP, HR, and waist-to-hip ratio), MSNA burst frequency remained significantly correlated with carotid CC (R=−0.28, P=0.012). However, when further adjusting for age, no relation was observed between MSNA and carotid CC (R=−0.11, 
P=0.321).
Results from multiple linear regression analysis (Model 1) showed that MSNA (P=0.012) and sex (P=0.003) were significant determinants of carotid CC (model R 2 =0.25). In Model 2, which added age as an independent variable (P=0.013), MSNA was not a significant determinant of carotid CC (model R 2 =0.30). There were no sex differences in the relation between MSNA and central artery stiffness. Resting MSNA burst frequency was significantly correlated with carotid-femoral PWV and carotid CC in both men and women (Table  S1 ). When controlling for MAP, HR, and waist-to-hip ratio in both groups, MSNA burst frequency remained significantly correlated with carotid-femoral PWV (men: R=0. 52 .082). Importantly, the association between MSNA burst frequency and carotid-femoral PWV was abolished in both men and women after also controlling for age (both P>0.05), consistent with the entire cohort. The relation between MSNA burst frequency and peripheral artery stiffness (carotid-brachial PWV) was more prominent in men compared with women because the association remained statistically significant after controlling for MAP, HR, and waist-to-hip ratio in men (R=0.47, P=0.001) but not women (R=0.15, P=0.376).
Study 2. Increased Arterial Stiffness During Acute Elevations in MSNA
Characteristics for young (n=15) and MA/O (n=14) subjects are shown in Table 2 . As expected, MSNA, carotid-femoral PWV, and carotid-brachial PWV were significantly greater and carotid CC significantly lower in MA/O compared with young (all P<0.05). However, there was no significant difference between young and MA/O adults in central artery stiffness after controlling for MSNA (carotid-femoral PWV: P=0.530; carotid CC: P=0.076, ANCOVA).
MSNA and Cardiovascular Responses to LBNP
MSNA burst frequency, burst incidence, and total activity were significantly elevated during LBNP −15 mm Hg and LBNP −30 mm Hg compared with baseline (Table 3) . Although MSNA was greater in MA/O compared with young at baseline, the increase in MSNA during LBNP was similar between groups (P>0.05 for all). However, the rise in circulating norepinephrine concentrations during LBNP was significantly greater in MA/O compared with young subjects (group×time point interaction: P=0.003). By design, there were no significant increases in MAP during LBNP (P=0.722; Table 3 ), and therefore, no increases in distending pressure. LBNP elicited baroreflex-mediated increases in HR, and the increase in HR was significantly greater in young (+9 beats·min −1 ) compared with MA/O (+4 beats·min −1 ) at LBNP −30 mm Hg (P=0.004).
Central and Peripheral Artery Stiffness Responses to LBNP
Central artery stiffness (carotid-femoral PWV) was significantly increased during LBNP compared with baseline in young and MA/O (time point: P<0.001; Figure 2A, Figure 2B 
Discussion
The present study reveals a significant contribution of acute and age-related elevations in MSNA to increased stiffness of both peripheral and central arteries. Three important and novel findings of this study are as follows. First, in the larger group of young and MA/O men and women, the robust relation between MSNA and carotid-femoral PWV and the more moderate relation between MSNA and carotid CC remained significant after controlling for sex, MAP, HR, and waist-tohip ratio, but these associations were abolished when also controlling for age. Second, acute elevations in MSNA during LBNP produced age-independent increases in carotid-femoral PWV, whereas reductions in carotid CC during LBNP were age-dependent because reductions occurred in young but not MA/O adults. Third, increases in carotid-femoral PWV during LBNP appeared greater than those observed in carotidbrachial PWV (peripheral artery stiffness), demonstrating increases in both central and peripheral artery stiffness during sympathetic activation in young and MA/O adults. Together, these findings demonstrate the influence of MSNA on central artery stiffness and its potential contribution to age-related increases in stiffness of both peripheral and central arteries.
Resting MSNA and Central Artery Stiffness
The aim of the present study was to examine the extent to which SNA influences the mechanical properties of the central arteries and contributes to increased stiffness in young and MA/O adults. We found a robust relation between MSNA and carotid-femoral PWV independent of MAP in a larger group of young and MA/O men and women (n=88), but this association was abolished when controlling for age. Similarly, when examining only men (n=46), higher MSNA was significantly correlated with greater carotid-femoral PWV after controlling for MAP, HR, and waist-to-hip ratio but not after additional adjustment for age. Recently, Tanaka et al 23 reported that the age-related difference in central artery stiffness assessed by carotid CC between young and older men was abolished after statistically controlling for MSNA using ANCOVA, suggesting that the age-related reduction in carotid CC was modulated by increased sympathetic-adrenergic vascular tone. Similar results were found when performing this analysis between young and MA/O subjects in the present study (Study 2). These data support our main findings that MSNA was associated with carotid-femoral PWV and carotid CC, but these associations were dependent on age. Although the association between MSNA and central artery stiffness is dependent on age, it remains uncertain whether the age-related increase in MSNA and central artery stiffness are causally related. It is possible that higher MSNA with advancing age increases vascular smooth muscle tone that is reflected by greater functional measures of arterial stiffness. It is also tempting to speculate that age might alter the association between MSNA and central artery stiffness when structural changes in the vascular wall also become present such as higher collagen/elastin ratio and vascular smooth muscle hypertrophy. Additional studies are needed to examine whether chronically elevated (agerelated) SNA-adrenergic stimulation interacts with the vascular wall to influence the structural changes that occur with advancing age.
Acute Increases in MSNA and Arterial Stiffness
Stiffness of peripheral arteries can be modulated by sympathetic innervation and resultant changes in smooth muscle tone. [15] [16] [17] [18] [19] [20] However, examinations of SNA-adrenergic influence on stiffness of the large elastic central arteries have provided mixed results because some studies have relied on more indirect measures of central artery stiffness and MSNA 25, 43 that can be highly variable and interpretation has been controversial. 3, 44, 45 Also, study methodologies that allow assessment of central artery stiffness in response to acute changes in MSNA in the absence of major changes in MAP (ie, distending pressure) have been limited to only a few studies. Sonesson et al 46 did not detect significant changes in mechanical properties of the abdominal aorta in MA/O adults when limiting increases in distending pressure during sympathoexcitation with LBNP, which is in contrast to findings of the present study. Although the reasons for these discrepant findings are unclear, it should be noted that Sonesson et al 46 examined local distensibility of the abdominal aorta, whereas stiffness of the aorta was assessed in the present study using carotid-femoral PWV. In the present study, acute increases in MSNA and carotid-femoral PWV during LBNP were observed and similar in magnitude in young and MA/O subjects. In accordance, the magnitude of increase in peripheral artery stiffness during LBNP assessed by carotid-brachial PWV was similar between young and MA/O subjects, although the overall increase in carotidbrachial PWV was relatively less compared with carotidfemoral PWV. The relative difference between changes in carotid-brachial PWV versus carotid-femoral PWV during sympathetic activation may be related to less α-adrenergic receptor density or sensitivity in the brachial region compared with the femoral region. 47, 48 Nonetheless, our results support and extend previous findings demonstrating MSNAmediated increases in carotid-femoral PWV in young, healthy subjects independent of distending pressure. 30, 31 To our knowledge, the present study is the first to demonstrate that MSNA-mediated increases in carotid-femoral PWV also occur in MA/O adults independent of distending pressure. These findings also provide evidence that acute increases in MSNA influence functional measures of both central and peripheral artery stiffness where central artery stiffness is as responsive (or more) as peripheral stiffness, and that these acute changes in stiffness occur in both young and MA/O.
Sympathetic Innervation
MA/O subjects demonstrated a significantly greater increase in circulating norepinephrine concentration during LBNP compared with young. Thus, a greater increase in carotid-femoral PWV during LBNP would be expected among MA/O if circulating norepinephrine rather than direct sympathetic innervation was a primary mediator of vascular smooth muscle tone in the central arteries. However, increases in carotid-femoral PWV during LBNP were similar in young and MA/O and parallel with the elevations in MSNA. Indeed, carotid-femoral PWV during LBNP was significantly correlated with MSNA but not with circulating norepinephrine concentration. These findings lend support to the idea that increases in carotid-femoral PWV were more likely MSNA-driven rather than an increased vasoconstrictor tone via adrenergic receptor activation by circulating norepinephrine. Although few studies have focused on sympathetic innervation of the large central arteries, evidence from animal models show that large central arteries such as the thoracic aorta possess smooth muscle tissue and express α 1 -adrenergic receptors, 21, 49, 50 although evidence also shows that sympathetic innervation of the ascending aorta may be more sparse. 51 MSNA innervating vascular smooth muscle in different skeletal muscle beds is strikingly similar 52, 53 and is positively correlated with sympathetic activity at the level of the heart. 54 Thus, it remains plausible that MSNA reflects sympathetic innervation of vascular smooth muscle in the central arteries. An alternative vasoconstrictor that increases in the circulation during LBNP is argininevasopressin. However, an increase in circulating concentration of arginine-vasopressin requires a more intense LBNP stimulus (≈−50 mm Hg or higher versus only −30 mm Hg in the present study) that is often accompanied by hypotension and syncopal symptoms. [55] [56] [57] Therefore, arginine-vasopressin likely did not contribute to changes in central artery stiffness during LBNP in the present study. Taken together, the findings suggest that increases in central and peripheral artery stiffness during LBNP are primarily a result of increased MSNA and less attributable to increased circulating norepinephrine or arginine-vasopressin concentration.
Carotid Compliance Versus Carotid-Femoral PWV
In contrast to the observed increase in carotid-femoral PWV during LBNP in young and MA/O adults, carotid CC was reduced during LBNP in young, but not MA/O, despite similar increases in MSNA. These results are in contrast to previous findings demonstrating changes in carotid CC in MA/O adults when given systemic α-adrenergic receptor blockade to attenuate sympathetic influence on the vasculature. 28 However, MAP was also reduced ≈15 mm Hg during α-adrenergic receptor blockade, which decreases arterial distending pressure and confounds the interpretation of the change in carotid CC. In the present study, no change in carotid CC was observed among MA/O adults during limited changes in MAP. The difference in findings can be explained, at least in part, by the pressure-volume (or diameter) relation by which arterial compliance is expressed. Estimation of arterial compliance depends on local arterial pressure, and changes in arterial pressure can lead to measurement discrepancies because compliance is not the same at different points on the non-linear pressure-volume curve.
Potential Limitations
Sympathetic nerve activity to central arteries cannot be directly assessed, at least in humans. It is, therefore, unclear whether sympathetic nerve activity to central arteries is proportional to MSNA in the peroneal nerve. Although MSNA is similar to vascular beds in different skeletal muscle groups, 52, 53 this obvious limitation allows only an inference of SNA to the central arteries.
PWV is typically greater in medium-size peripheral arteries such as the radial artery compared with central arteries such as the aorta, and there is a strong association between MSNA and mechanical properties of medium-size peripheral arteries. 16, 18, 19 Thus, the relation between MSNA and PWV may have been more pronounced in other peripheral arteries compared with carotid-brachial PWV used in the present study. However, it is established that mechanical properties of large-size peripheral muscular arteries such as the brachial artery are influenced by MSNA. 13, 15 While literature has characterized the aorta and brachial arteries as central and peripheral muscular arteries, respectively, 1,2 our findings support the idea that PWV increases in response to elevated MSNA in both central elastic and peripheral muscular arteries.
LBNP elicited baroreflex-mediated increases in HR that were significantly greater in young compared with MA/O subjects. Because the increase in HR and reduction in carotid CC during LBNP was significantly greater among young compared with MA/O, this raises concern that the increase in HR during LBNP contributed to the observed reductions in carotid CC. Studies in humans and animals have demonstrated that increases in HR are accompanied by reductions in arterial compliance. 58, 59 Some studies, 59 ,60 but not all, 61 have reported a contribution of HR to changes in carotid-femoral PWV. However, several lines of reasoning support that increases in carotid-femoral PWV during LBNP were not attributed to elevations in HR. First, young had a significantly greater HR response to LBNP compared with MA/O (Table 3 ), yet the increase in carotid-femoral PWV was not significantly different between groups (Figure 2) . Second, significant increases in carotid-femoral PWV during LBNP in the absence of changes in HR have previously been reported. 31 Third, controlled studies in humans showed that elevations in HR via atrial pacing did not significantly increase carotid-femoral PWV when there was no corresponding change in MAP. 59 Given that observations in the present study were characterized by significant increases in HR without corresponding changes in MAP, the contribution of HR to increased carotid-femoral PWV was likely minimal.
Perspectives
Elevated MSNA is associated with peripheral conduit artery stiffness and remodeling. [15] [16] [17] [18] [19] [20] We report that MSNA contributes to increased stiffness of the central arteries, and the association between SNA and central artery stiffness was as prominent, or more, as the association with peripheral artery stiffness. This is important because, unlike peripheral artery stiffness, increased central artery (aorta) stiffness is associated with major CVD outcomes. 2, 62 Our findings also challenge the classical concept of arterial aging focused on structural features (eg, loss of elastin and increased collagen) to also include an influence of sympathetic nerve activity that modulates smooth muscle tone of the central arteries and promotes an increase in functional measures of arterial stiffness.
Conclusions
In summary, findings from the present study demonstrate an age-dependent association between resting MSNA and central and peripheral artery stiffness, whereas acute elevations in MSNA produce age-independent increases in central artery stiffness that are at least as pronounced as increases observed in peripheral artery stiffness. Findings from the present study reconcile mixed findings from previous investigations that have been confounded by alterations in MAP (ie, distending pressure) which typically occurs with acute changes in vasoconstrictor tone. MSNA and central artery stiffness both increase with advancing age and are associated with an increased risk of developing CVD. Future intervention studies targeting reductions in sympathetic nerve activity may provide important insight into the clinical feasibility of limiting age-related increases in central artery stiffness.
